Open Access Research Article modifications have been proposed for the freezing process [6] . It has been estimated that only 30-40% of stallions produce semen suitable for cryopreservation [7] . Moreover, consistent variation of sperm freezability has been observed from breed to breed [8, 9] . At present, there is no standard protocol for stallion semen cryopreservation able to achieve consistent and acceptable post thaw sperm fertilizing capacity with every ejaculate [10] . That lack of standard can be attributed to many factors, including damage to the sperm membrane that may occur during the process of freezing or thawing [11] . In addition, the cryopreservation extender has an important influence on post thaw sperm quality [11] .
Introduction
Artificial insemination is considered one of the modern ways of achieving genetic improvement and the improved production potential of horses [1, 2] . Levels of success in breeding with frozen semen depend on interaction between the fertility of the stallion, the fertility of the mare and managerial practices [3] . The first pregnancy in a mare inseminated with frozen semen was reported in 1957, but frozen horse semen became more widely used only in the late 1980s [4] . Indeed, pregnancy itself is the best tool for assessing stallion fertility [5] . A large population of stallions still has poor semen quality and low levels of fertility after freezing thawing; as a result, a number of The present study was designed to evaluate the impact of diluents on semen processing, on postthaw progressive sperm motility, and on the fertilizing capacity of cryopreserved Arabian horse semen.
Materials and Methods

Animals
A total of four healthy Arab stallions, aged 6 to 12 years, were involved in this study. The stallions belong to the Mounted Division of the Royal Oman Police, in Muscat, Oman (23°-37'-N, 58°-35'-E) and have been used as sires in the stables' regular breeding program. Each stallion was housed in a separate pen under standard conditions of feeding and general management. The stallions were fed three times daily, and water was freely available. All four animals were exercised daily for at least 1 h. Eighty Arabian mares ranging from 6 to 15 years old with good histories of fertility were used for the artificial insemination.
Semen collection and evaluation
Forty-eight ejaculates were collected from the stallions using Hanoverian Equine Artificial Vagina Kit (Minitube of America, Verona, WI, USA) during the breeding season (October to April) while the stallions mounted mares in estrus. Immediately after collection, sperm-rich ejaculate fraction (fractionated by the kit filters) from each stallion was transferred to the laboratory, placed in a water bath at 30°C and assayed by computer-assisted semen analysis equipment (Hamilton Thorne Research, Beverly, MA, USA) [20] . Sperm motility characteristics, sperm concentration, percentages of live sperm and sperm abnormalities were determined as described earlier [21] . In addition, the following characteristics of sperm motility were estimated: velocity of the sperm path (VAP, μm/s); average velocity of a straight line of the sperm track (VSL, μm/s); average velocity of the actual point-topoint track followed by the sperm cell (VCL, μm/s); amplitude of lateral head displacement (ALH, μm); beat-cross frequency (BCF, Hz); straightness (STR, %, or average value of the ratio VSL/VAP), which measured the sperm path's departure from a straight line; and linearity (LIN, %, or average value of the ratio VSL/ VCL) which measured the sperm path's departure from a straight line [22] . Those sperm parameters were determined after semen dilution and cooling to 5°C, after having thawed at 37°C for 30 sec and having thawed at 75°C for 7 sec.
Semen dilution and freezing
All chemical compounds used in this study were purchased from Merck (Merck, Darmstadt, Germany) unless otherwise stated.
The extenders used were (1) INRA Freeze (IMV, Paris); (2) TRIS -egg yolk (2.4 g TRIS + 1.25 g citric acid + 0.45 g glucose + 22 mL egg yolk + 4 mL glycerol and deionized water to 100 mL + antibiotics "penicillin G sodium 50000 IU and dihydrostreptomycin 50 mg"); and (3) E-Z Mixin BF (Colorado, USA; 340388): 125 mL E-Z Mixin + 4 mL glycerol and antibiotics. Each sperm-rich ejaculate fraction was divided into two aliquots. One aliquot was diluted at a rate of 1:1, and the other at a rate of 1:2 at 30°C using the aforementioned extenders. Briefly, sperm-rich fractions were diluted and centrifuged at 1500 g for 10 min. Then the supernatant was decanted, and sperm pellets reconstituted with the same portion of the extenders previously added. The diluted semen was cooled to 5°C over 75 min. The cooling was around 0.3°C/ min. At 5°C, the diluted semen was packed in 0.5-ml French straws (the sperm cell concentration ranged from 25 to 40 sperm/ straw). The straws were frozen in a programmable freezer (SY-LAB-ICE CUBE 1810 computer freezer, Minitube, Burladingen, Germany) to minus 140°C within 7 min (20.7°C/ min) and stored in liquid nitrogen at minus 196°C. Frozen straws were thawed at either 37°C for 30 sec or 75°C for 7 sec and incubated at 30°C for 3 h. The thawed samples were compared between extenders, rates of dilution, thawing temperatures in terms of sperm motility, concentration, percentage of live sperm, percentage of sperm abnormalities and viability indexes. The viability indexes [23] were computed by the following equation:
Where, VI is the viability index, ∑ is a sign for the sum total, M is the percentage of sperm motility, T is the time of the next determination of motility, and R is the time of the previous determination of motility. The best extender with best thawing temperature and viability index was used for artificial insemination of Arabian mares, which was INRA Freeze, with a thawing temperature of 37°C for 30 sec.
Assessment of cryopreserved arabian horse semen by artificial insemination
Eighty Arabian mares aged 6 to 15 years with good histories of fertility, were used to test the fertilizing capacity of cryopreserved Arabian horse semen preserved in INRA Freeze. Mares were teased by using sexually desirous stallions that would detect mares in estrus. Estrous mares were examined daily via ultrasonography by direct manual manipulation of a convex multifrequency transducer (Aloka Prosound SSD 3500SX, ALOKA Co., Ltd., Tokyo) throughout the entire estrous period and twice daily when the mares were close to ovulation during the last 2 days of estrus and every 6 h around ovulation.
The mares were divided into two groups: one group was inseminated with frozen-thawed semen diluted in INRA Freeze at a rate of 1:1 and the other, at a rate of 1:2; all straws were thawed at 37°C for 30 sec. Every attempt was made to breed the mares within 6 h before ovulation and for some of them, to breed by two doses: one before and one 24 h after ovulation. Mares that had good estrous signs with marked uterine edema and a dominant follicle >35 mm but that did not ovulate were given 2500 IU I/V of human chorionic gonadotrophin (hCG; Chorulon, Intervet UK Limited, Milton Keynes, United Kingdom) and bred at 24 h and 40 h after hCG administration. At the time of insemination, a sterile, flexible pipette was advanced vaginally past the cervix and semen deposited at the body of the uterus. Volumes of 0.5 -5 ml of thawed semen with a minimum number of 300 million progressively motile and morphologically normal sperm were inseminated using air to flush the pipette [24] . All inseminated mares were examined for pregnancy at day 18 via ultrasonography and the conception rates were recorded.
Statistical analysis
Data of stallions' semen parameters and characteristics of sperm motility (24 ejaculates) in the used three extenders are presented as mean ± standard error of the mean. The repeated measures of those parameters were compared by analysis of variance and chi-squared test (X2) Using SPSS statistical software program (2013), version 22.0 [25] .
Results
The Arabian horses' fresh semen characteristics are shown in Table 1 as mean ± SEM. The ejaculate volume, percentage of progressive motility, sperm cell concentration and percentage of sperm cell abnormalities were 60.00 ± 3.34 ml, 54.79 ± 2.32%, 178.63 ± 19.47 x 106/ ml and 23.46 ± 1.46%, respectively. There is a highly significant (P < 0.01) difference between semen parameters in the different extenders after cooling of stallions' semen to 5°C ( Table 2 ). The percentages of progressive motility, live sperm and sperm cell abnormalities were significantly better (P < 0.01) in the INRA 96 extender at rates of dilution of 1:1 (39.54 ± 2.50, 63.68 ± 1.54 and 18.42 ± 2.26, respectively) and 1:2 (44.13 ± 3.07, 67.22 ± 1.36, and 27.33 ± 1.8, respectively) than in the other two extenders (TRIS -egg yolk and E-Z Mixin; Table 2 ).
The characteristics of the stallions' sperm motility at 5°C such as VAP (μm/s), VSL (μm/s), VCL (μm/s), and ALH (μm) were significantly (P < 0.01) the best by using INRA 96 extender at rates of dilution of 1:1 (155.53±4.45, 108.81 ± 3.84, 302.32 ± 6.96, and 14.26 ± 0.28, respectively) and 1:2 (161.95 ± 4.73, 118.23 ± 4.81, 316.44 ± 8.15, and 14.89 ± 0.32, respectively) in comparison with the other two extenders used (TRIS -egg yolk and E-Z Mixin; Table 3 ). Table 4 shows that the percentage of stallions' sperm's progressive motility after thawing at 37°C for Table 1 : Semen Evaluation of the Arabian horses (mean ± SEM).
Semen parameters Values
Ejaculate volume (mL) 60.00 ± 3.34
Overall motility (%) 88. (Table 5 ).
As shown in Table 6 , the percentages of stallions' sperm's progressive motility after thawing at 75°C for 7 sec are significantly (P < 0.01) higher for INRA Freeze and E-Z Mixin extenders at rates of dilution of 1:1 and 1:2 (23.55 ± 1.92 and 21.09 ± 1.79, respectively for INRA Freeze, 19.40 ± 1.07 and 20.17 ± 0.84, respectively for E-Z Mixin extenders) than in the TRIS -egg yolk extender. The characteristics of sperm motility after thawing at 75°C for 7 sec such as VAP (μm/s) and VSL (μm/s) are significantly (P < 0.01) the fastest by using INRA Freeze extender at a rate of dilution of 1:2 (107.06 ± 3.71 89 and 83.96 ± 3.47, respectively) in comparison with INRA Freeze at a dilution rate of 1:1, TRIS -egg yolk and E-Z Mixin extenders (Table 7) . Table 8 shows the fertilizing capacity of preserved Arabian horse semen in the INRA Freeze extender and thawed at 37°C for 30 sec. The conception rate is significantly higher (P < 0.01) by using INRA Freeze extender at a dilution rate of 1:1 (50%) than it is at 1:2 (20%), with total conception of 35% (Table 8) . The effect of a number of inseminating doses on the fertilizing capacity of the cryopreserved Arabian horse semen in INRA Freeze extender and thawing at 37°C for 30 sec is shown in Table 9 . The use of two inseminating doses gives significantly (P < 0.01) better results (50%) than does the use of one inseminating dose (28.57%; Table 9 ).
Discussion
The ejaculate volume of Arabian horse fresh semen was 60.00 ± 3.34 ml. Similar values of ejaculate volumes ranging from 45 to 70 ml were recorded by several authors in Arabians [26, 27] , and in thoroughbred and quarter horses [28, 29] . The percentage of progressive motility in Arabian horses was 54.79 ± 2.32%, which is lower than the percentage (≤60) found in Arabian [26, 30] and thoroughbred stallions [31, 32] . Sperm cell concentration of Arabians was 178.63 ± 19.47 x 106/ ml. This is compared favorably with the reported range of 100-350 x 106/ ml [32] . Higher values have been recorded in Arab stallions ranging from 293.84 to 499.50 x106/ ml [26, 30, 33] and a low value of 151.00 x 106/ ml has been found in Arabians [27] . In thoroughbred stallions, average sperm cell concentration ranged from 110.00 to 164.13 [34, 35] , from 200.00 to 282.00 x 106/ ml [36, 37] , and from 348.00 to 388.00 x 106/ ml [38] . In this study, the percentage of sperm cell abnormality was 23.46 ± 1.46. In Arabians, sperm cell abnormalities ranged from 30.40 to 44.70% [26, 30, 33] , whereas the percentage was 18.2 in thoroughbred stallions [39] . Means with dissimilar superscripts in the same column are significantly different at P < 0.01 Number of ejaculates = 48 Means with dissimilar superscripts in the same column are significantly different at P < 0.01 Number of ejaculates = 48 
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In the present study, the percentages of progressive motility, live sperm, and sperm cell abnormalities were better for the INRA 96 extender at rates of dilution of 1:1 and 1:2 than they were in the TRIS -egg yolk and E-Z Mixin extenders after cooling of stallions' semen to 5°C. INRA 96 and E-Z Mixin are the extenders more routinely used to cool and ship stallion semen in Europe and the United States, respectively [40] . However, in dogs, the percentage of motile spermatozoa after 4 days' storage at 4°C is 44.2% and 24.5% for the TRIS -egg yolk (20%) and INRA 96 extenders, respectively [41] . In boars, the percentage of motile spermatozoa, as assessed by CASA on diluted semen, offers detailed predictive information regarding litter size [40] . Stallions' sperm's progressive velocity VSL (μm/ sec) at 5°C ranged from 57.07 ± 1.46 in the TRIS -egg yolk to 118.23 ± 4.81 in the INRA 96 extender. Stallion sperm velocity in Kenney's diluent at 38°C is 73.20 ± 3.00 μm/ sec [15] .
In the current study, stallions' sperm's progressive motility (28.10 ± 2.00%) and viability indexes after thawing at 37°C for 30 sec were better by using INRA Freeze extender than for TRIS -egg yolk and E-Z Mixin extenders. INRA 96 extender is one of the best chemically defined media used for frozen semen processing in stallions [4, 42] . However, the motilities of frozen -thawed semen processed in modified Tyrode's solution and mTALP medium as determined by CASA are 43.4% for Tori stallions and 42.3% for Estonian stallions [43] . In addition, TRIS was the best extender for cryopreservation of stallion semen [44] . TRIS -egg yolk based extenders provide higher total and progressive motilities, higher percentages of rapid sperm and intact membrane cells, and more efficiency with regard to preservation of bovine post thaw sperm viability and fertility [45] . Components of extenders
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that include egg yolk serve to prevent cold shock and provide membrane stabilization during the freeze-thawing process [46] . The stabilization of sperm membranes has an important role in improvement of post thawed sperm quality [47, 48] . In boars, TRIX cell (IMV Technologies) is the best for long-term storage [49] .
The stallions' sperm's progressive motility percentages after thawing at 75°C for 7 sec were higher by using INRA Freeza and E-Z Mixin extenders than was the TRIS -egg yolk extender.
In the motility of stallion spermatozoa after cryopreservation, there is a highly significant (P < 0.0001) difference between INRA Freeza extender (48.9%) and E-Z Mixin extender (38.6%). The combination of INRA 96 and 4% glycerol in a freezing medium gave the highest average post-thaw motility (51.5%) [50] . Thawing of stallion semen preserved in extender INRA Freeza at 37°C for 30 sec is more favorable. Thawing at 75°C for 7 sec slightly increased motility after 120 min at 37°C but it had no effect on per-cycle fertility [8] .
The stallions' sperm motility characteristics such as VAP (μm/s) and VSL (μm/s) after thawing at both 37°C for 30 sec and 75°C for 7 sec are significantly (P < 0.01) the highest by using INRA Freeza extender when compared with TRIS -egg yolk and E-Z Mixin extenders. On the contrary, no correlations have been detected between fertility and motility immediately after thawing. CASA has replaced light microscopy in the evaluation of frozen -thawed stallion sperm, but so far, no one has been able to demonstrate a correlation between the fertility of frozen stallion semen and any of the motility parameters obtained by those instruments [51] .
In this study, the conception rate was higher by using INRA Freeza extender (thawed at 37°C for 30 sec) at a dilution rate of 1:1 (50%) than it was at a dilution rate of 1:2 (20%), with total conception of 35%. In the same direction, INRA 96 extender supplemented with egg yolk and glycerol significantly improved per-cycle pregnancy rates in mares compared with INRA Freeza extender (71% versus 40%, P < 0.01) [52] . The conception rate of frozen -thawed stallion semen ranged from 49.4 to 53.5% [53] . The use of two inseminating doses of frozen stallion semen gave better results (50%) than did the use of one inseminating dose (28.57%). Nevertheless, no differences were observed in pregnancy rates for mares inseminated once or multiple times in a given cycle (51.5% versus 51.7% for study one and 47.1% versus 46.1% for study two). Mares inseminated twice in a cycle, once before ovulation and once after ovulation, become pregnant at a rate similar to that of mares inseminated once within 6 h postovulation (48.1% versus 47.3%) [54] . Acceptable fertility with frozen stallion semen is possible with the use of good quality semen, with a specific selection of mares and stallions, and with good mare management [53, 55] . In conclusion, the fertilizing capacity of cryopreserved Arabian horse semen was best by using INRA Freeza extender at a dilution rate of 1:1 and in two insemination doses.
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